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LOW-SPEED WIND-TUNNEL INVESTIGATION O F  

SPAN LOAD ALTERATION, FORWARD-LOCATED SPOILERS, AND 

SPLINES AS TRAILING-VORTEX-HAZARD ALLEVIATION DEVICES 

ON A TRANSPORT AIRCRAFT MODEL 

Delwin R. Croom and R. Ear l  Dunham, Jr. 
Langley Research Center 

SUMMARY 

An investigation w a s  made in the Langley V/STOL tunnel to determine, by the trail
ing wing sensor technique, the effectiveness of a large change in span load distribution, a 
forward-mounted spoiler, and a trailing drag device (spline) as trailing-vortex-hazard 
alleviation devices on a swept-wing transport aircraft  model. 

The induced rolling-moment coefficient on the trailing models at a given lift coeffi
cient of the generating model w a s  generally larger for the large trailing wing model than 
for the small trailing wing model, and the variation of trailing wing rolling-moment coef
ficient with lift coefficient of the generating model w a s  generally greater for the large 
trailing model than for the small  trailing model. 

The induced rolling-moment coefficient on both trailing wing models was  reduced 
when the horizontal-tail incidence angle of the generating model w a s  decreased to a point 
where a download on the horizontal tail was produced. 

At scale downstream distances behind the generating model of less  than about 16 
spans, the induced trailing wing rolling-moment coefficient was larger for the flap con
figuration with only the inboard flap deflected to 30° than for the flap configuration with 
both inboard and outboard flaps deflected to 30°. At scale downstream distances greater 
than 16 spans, the induced trailing wing rolling-moment coefficients were smaller for the 
configuration with only the inboard flaps deflected than those for the configuration with 
inboard and outboard flaps deflected. These results indicate that large changes in span 
loading due to retraction of the outboard flap may be an effective method of reducing the 

t trailing-vortex hazard. 

For the transport aircraft model in the normal approach configuration (inboard 
and outboard flaps deflected to 30°) either a forward-located midspan spoiler or a 
spline reduces the induced rolling-moment coefficient on the small trailing model by 



about 3 5 to 40 percent throughout the downstream distances investigated. The reduction 
in induced rolling-moment coefficient on the large trailing model was much less (about 
15 to 2 5 percent). 

INTRODUCTION 

The strong vortex wakes generated by large transport a i rcraf t  a r e  a potential haz
a rd  to smaller aircraft .  The National Aeronautics and Space Administration is involved 
in  a program of model tests,  flight tests,  and theoretical studies to determine the feasi
bility of reducing this hazard by aerodynamic means. 

Previous work (ref. 1) has shown that the magnitude of the vortex-wake hazard is 
greatly influenced by the direction of the flight of the aircraft  which is penetrating the 
trailing vortices. As discussed in reference 1,  a cross-track penetration at right angles 
to the trailing vortices tends to cause pitching and vertical motion and to produce vertical 
loads on the penetrating airplane in  a manner similar to that of a gust encounter. Also, 
an along-track penetration, parallel to and between the wing-tip vortices, can occur in 
both the take-off climbout and the landing approach and may cause settling or ,  at least, 
may reduce the rate  of climb of the penetrating aircraft .  However, an along-track pene
tration through the vortex center is considered to be the most hazardous encounter since 
such penetration would induce a rolling motion to the penetrating aircraft  that could 
result  in an upset. 

One approach in assessing the trailing-vortex hazard is to determine the velocity 
profile of the vortex and, by integrating the velocity profile over the span of the penetrat
ing aircraft ,  the induced rolling moment can be inferred. Detailed measurements of the 
velocity profile through the trailing vortex have been obtained by the use of attitude sen
sor vanes and total-pressure probes (ref. 2), yawheads (ref. 3), tuft grids (ref. 4), vortex 
meters (ref. 5), and hot-wire anemometers (ref. 6). Another approach in assessing the 
trailing-vortex hazard is to simulate an airplane flying in the trailing vortex and to make 
direct measurements of the individual rolling moments. 

The results of a recent wind-tunnel investigation which used the direct-measurement 
technique (ref. 7)has indicated that the trailing-vortex hazard behind an unswept wing 
model can be attenuated by use of either a forward-mounted spoiler or a spline. The 
flight test  results of reference 8 also indicated that a spline device could be used to atten
uate the vortex system of an unswept wing aircraft. 

The purpose of the present investigation is to determine the effectiveness of a 
forward-located spoiler, a spline, and a span load alteration due to  a flap configuration 
change as trailing-vortex-hazard alleviation methods. 
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The technique used in the present investigation in assessing the trailing-vortex 
hazard is to simulate an airplane flying the trailing vortex and to make direct  measure
ments of the rolling moments induced on the trailing model by the vortex generated by the 
forward model. 

SYMBOLS 

All data a r e  referenced to the wind axes. The pitching-moment coefficients a r e  
referenced to the quarter-chord of the wing mean aerodynamic chord. 

b wing span, m 

cD drag coefficient, -Drag 

qs, 
Lift 

CL lift coefficient, 
q s ,  

'I,TW trailing wing rolling-moment coefficient, 
Trailing wing rolling moment 

~ ' T W ~ T W  

Cm pitching-moment coefficient, 
Pitching moment 

S V W  
C wing chord, m 

-
C wing mean aerodynamic chord, m 

it horizontal- tail incidence, referred to fuselage reference line (positive 
direction trailing edge down), deg 

1 longitudinal distance in tunnel diffuser, m 

dynamic pressure, Pa 

S wing area, m 2 

. X',Y', Z' system of axes originating at ,dt wing tip o transport aircraft  model 
(see fig. 1) 

x' ,y' ,z' longitudinal, lateral, and vertical dimensions measured from trailing edge 
of wing tip of transport aircraft  model, m 
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Ay',Az' incremental dimensions along Y'- and Z1-axes, m 

a! angle of attack of fuselage reference line, deg (wing incidence is 2' relative 
to fuselage reference line) 

qJ local streamline angle in  tunnel diffuser relative to tunnel center line, deg 

%,i nominal deflection of inboard segment of flap, deg 

6f,o nominal deflection of outboard segment of flap, deg 

Subscripts: 

W transport aircraft  model 

TW trailing wing model 

max maximum 

MODELS AND APPARATUS 

A three-view sketch and principal geometric characteristics of the 0.03-scale model 
of a jumbo-jet transport aircraft  a r e  shown in figure 1. Figures 2 and 3 are photographs 
of the model in the Langley V/STOL tunnel. The fuselage, empennage, wings, trailing-
edge flaps, and leading-edge devices of this model were constructed by using a mold made 
from the model discussed in reference 9. The trailing-edge flaps used on the model of 
reference 9 were appended to the complete wing and, therefore, were not representative 
of flap arrangements used on actual aircraft. For the model used in the present investi
gation, the trailing edge of the wing w a s  altered and the triple-slotted trailing-edge flaps 
were relocated to more nearly represent a flap arrangement that would be used on an 
actual aircraft. The all-movable horizontal tail was mounted on a shaft through a friction 
block which allowed the tail incidence to be se t  at any desired angle. , 

Photographs and dimensions of the spline and the forward-located midspan spoiler 
installed on the transport aircraft  model a r e  presented in figures 4 and 5, respectively. v 

Photographs and dimensions of the two unswept trailing wing models installed on the 
traverse mechanism a r e  presented in figure 6. The large trailing model has a span and 
aspect ratio typical of a medium-size transport aircraft, and the small trailing model has 
a span and aspect ratio typical of a small-size transport aircraft. 
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The Langley V/STOL tunnel has a test-section height of 4.42 m, a width of 6.63 m, 
and a length of 15.24 m. The transport aircraft  model was sting supported on a six-
component, strain-gage balance system which measured the forces and moments. The 
angle of attack was determined from an accelerometer.mounted in the fuselage. The 
trailing models were mounted on a single-component, strain-gage roll  balance, which was 
attached to a t raverse  mechanism capable of moving the model both laterally and verti
cally (see fig. 6). The lateral and vertical positions of the trailing model were measured 
by outputs from digital encoders. This entire t raverse  mechanism could be mounted on 
the tunnel floor at various tunnel longitudinal positions downstream of the transport air
craft model. 

TESTS AND CORRECTIONS 

Transport Ai r  craft Model 

All tests were run at a free-stream dynamic pressure in the tunnel test  section of 
430.9 Pa which corresponds to a velocity of 27.4 m/sec. The Reynolds number for the 
tests was  approximately 4.7 x lo5 based on the wing mean aerodynamic chord. Transi
tion strips approximately 0.30 cm wide of No. 60 abrasive grit  were placed 2.54 cm back 
of the leading edge of the wing, whereas natural transition was used elsewhere. The 
basic longitudinal aerodynamic characteristics were obtained through an angle-of -attack 
range of approximately -4' to 24'. Each configuration was tested at several tail inci
dence angles and with the horizontal tail off. All the tes ts  were made with leading-
edge devices extended. 

Blockage corrections were applied to the data by the method of reference 10. Jet-
boundary corrections to the angle of attack and to the drag were applied in accordance 
with reference 11. 

Trailing Wing Models 

Each trailing wing model and its associated roll-balance system was used as a 
sensor to measure the induced rolling moment caused by the vortex flow downstream of 
the transport aircraft  model. No transition grit  was  applied to  the trailing models. The 
trailing model was positioned at a given distance downstream of the transport aircraft  
model and the t raverse  mechanism was  positioned laterally and vertically so that the 
trailing vortex was near the center of the mechanism. The trailing vortex was probed 
with the trailing models. A large number of trailing wing rolling-moment data points 
(usually from 50 to 100) were obtained from the lateral t raverses  at several vertical 
locations to insure g o d  definition of the vortex wake. Additionally, certain test  

. 
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conditions were repeated at selected intervals during the test  period and the data were 
found to be repeatable throughout the test  period. 

Trailing wing rolling-moment measurements were made at downstream scale dis 
tances from about 7 to 27 spans behind the transport aircraft  model. All the trailing 
wing rolling-moment data at distances downstream greater than about 7 spans were 
obtained with the trailing model positioned in the diffuser section of the V/STOL tunnel. 
These data were reduced to coefficient form based on the dynamic pressure at the trail
ing wing location. For these tests, the dynamic pressures  at the 6.74, 13.48, 20.22, and 
26.96 span locations were 430.9, 262.3, 142.9, and 82.5 Pa, respectively. The trailing 
wing location relative to  the wing tip of the transport aircraft  model has been corrected 
to account for the progressively larger tunnel cross-sectional a rea  in.the diffuser sec
tion. The corrections to the trailing wing location in the diffuser were made by assum
ing that the local streamline angles in the tunnel diffuser section a r e  equal to the ratio 
of the distance from the tunnel center line to the local tunnel half-width or  tunnel half-
height multiplied by the diffuser half -angle. Corrections to  the trailing model locations 
a r e  as follows: Ay' correction or  Az' correction = 1 tan $I where Ay' correction 
and Az' correction are ,  respectively, the corrections to the measured lateral and ver
tical locations of the trailing model relative to the tip of the transport aircraft  model, 
1 is the longitudinal distance in the tunnel diffuser, and $I is the local streamline 
angle in the tunnel diffuser relative to the tunnel center line. 

RESULTS AND DISCUSSION 

Transport Aircraft Model 

The longitudinal aerodynamic characteristics of the transport aircraft  model with 
both the inboard and outboard sections of the trailing-edge triple-slotted flaps deflected 
30° (hereafter referred to as flap configuration 3Oo/3O0) and with only the inboard section 
of the flap deflected 30' (hereafter referred to as flap configuration 3Oo/O0) a r e  presented 
in figures 7 and 8 ,  respectively. It is assumed that configuration change from the com
plete flap system (3Oo/3O0) to the deflection of the inboard flaps only (3Oo/O0) creates a 
large change in span load distribution. The span loadings for these tes ts  were not mea
sured. These data were obtained over a range of horizontal-tail incidence sufficient to 
t r im the model throughout the range of lift coefficient and with the horizontal tail off so 
that the direction of load on the horizontal tail could be determined. 

These data indicate that the transport aircraft  model with either flap configuration 
exhibited pitch-up near stall. These data also indicate that the static margin aCm/aCL 
is less  for the model with flap configuration 3Oo/O0 than for the model with flap configura
tion 3Oo/3O0 (8Cm/aCL = -0.10 compared with aCm/aCL = -0.18). It can also be seen 
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by comparing the tail-off and tail-on data in figures 7 and 8 that at CL = 1.2, a download 
on the horizontal tail is required to t r im the model with flap configuration 3Oo/3O0, 
whereas essentially no load on the horizontal tail is required to t r im the model with flap 
configuration 3Oo/O0. Therefore the rotational direction of the trailing vortex from the 
horizontal tail of flap configuration 3Oo/3O0 should be counter to the rotational direction 
of the wing and flap vortex, whereas there should be essentially no definable vortex flow 
from the horizontal tail of flap configuration 300/00 since the lift on the horizontal tail is 
essentially zero. 

The effects of forward-located spoilers and splines on the longitudinal aerodynamic 
characteristics of the transport aircraft  model with flap configuration 300/300 and with 
flap configuration 300/00 a r e  presented in figures 9 and 10, respectively. These results 
indicate that the splines did not appreciably alter the l i f t  characteristics of the transport 
aircraft  model. They act essentially as a pure drag device since they add a constant 
increment of drag throughout the angle-of-attack range. These results also indicate that 
the forward-located spoiler acts not only to produce drag but also to modify the lift char
acteristics of the model by reducing both the lift-curve slope and the maximum lif t  coef
ficient. In addition, a change in the span load distribution due to the forward-located 
spoiler would be expected. 

Trailing Wing Models 

From the rolling-moment data obtained with the trailing wing model, contour plots 
of constant rolling-moment coefficient were constructed as shown in figure 11. From 
contour plots such as these, the maximum rolling-moment coefficient and the location of 
the trailing model relative to the wing of the transport aircraft  model were determined. 

The position of the trailing wing models relative to the wing tip of the transport 
aircraft  model and the maximum rolling-moment coefficient (Cl,Tw)max induced on 
the trailing wing models by the vortex generated by the transport aircraft  model with flap 
configurations 3O0/3OO and 300/00 a r e  presented as functions of trimmed l i f t  coefficient 
in figures 12 and 13, as functions of horizontal-tail incidence in figures 14 and 15, and as 
functions of downstream distance behind the transport aircraft  model in figures 16 and 17. 
The trailing wing rolling-moment data a r e  summarized in figures 18 to 21. 

It can be seen in figure 18 that the trailing wing rolling-moment coefficient was  
generally larger for  the large trailing model than for the small trailing model. Also, the 
variation of trailing wing rolling-moment coefficient with lift coefficient was  generally 
greater for the large trailing model than for the small  trailing model. Although it is 
recognized that an aircraft  generates many trailing vortices (from flaps, wing tips, hor
izontal tail, etc.), it was thought that beyond about 10 to 15 spans downstream, the aircraft  
wake would have the essential characteristics of a single, predominant pair of vortices. 
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Such a vortex system should create a larger  rolling-moment coefficient on the small 

trailing wing model than on the large trailing wing model, and the small  wing should be 

more sensitive to variations in l i f t  coefficient changes. The unexpected results with the 

small  trailing wing were thought to be attributed to a stalled flow region caused by a large 

vortex-induced local angle of attack and the low Reynolds number of the test. A cursory 

look at the flow conditions on the small trailing wing equipped with tufts did not indicate a 

stalled condition. Consequently, the unexpected magnitude and variation with l i f t  coeffi

cient for the small  trailing wing remains unexplained but may be associated with the 

unknown interaction of the multiple vortices on the trailing wing models. . 


Cl  TW1 with horizontal-tailIt can be seen in figure 19 that the variation of ( ,
incidence for both trailing wings was larger behind the transport aircraft  model with flap 
configuration 3Oo/O0 than behind the transport aircraft  model with flap configuration 
3Oo/3O0. This may be due to the resulting increased interactions of the tail and flap vor
tex systems because of their closer spanwise proximity with flap configuration 3Oo/O0 
than with flap configuration 3Oo/3O0. 

It can also be seen in figure 19 that the trailing wing rolling-moment coefficient 
for  both trailing wing models w a s  reduced when the horizontal-tail incidence angle was 
decreased sufficiently to  cause a download on the horizontal tail (it 5 +4O for flap config
uration 3Oo/3O0, and it 2 + 3 O  fo r  flap configuration 3Oo/O0 as shown by horizontal-tail
off and horizontal-tail-on data in figs. 7 and 8, respectively). This download on the hori
zontal tail would result in a vortex being generated by the horizontal tail with opposite 
rotation to the vortex generated by the wing and flaps. The interaction between these two 
vortex systems may be the cause of the reduction in trailing wing rolling-moment coeffi
cient seen in figure 19 as the tail incidence angle w a s  reduced. 

The data in figure 20 indicate that a large change in the span loading on the transport 
aircraft  model, associated with the flap configuration 3Oo/O0 as compared with flap config
uration 3Oo/3O0, does alter the induced rolling moments on the trailing wing models. At 
downstream distances of less  than about 16 spans, the trailing wing rolling-moment coef
ficients for  flap configuration 3Oo/O0 were somewhat higher than those for flap configuration 
3Oo/3O0; however, at downstream distances greater than about 16 spans, a definite decrease 
in trailing wing rolling-moment coefficient was  noted. The wind-tunnel tests indicate that 
span load alteration due to retraction of the outboard flaps may be an effective means of . 
reducing the trailing-vortex hazard. Subsequent flight test  reports in reference 12 have 
indicated trends for flap configuration 3Oo/O0 similar to those obtained in these tests.  

0 

The effectiveness of the spoilers and of the splines in reducing ( ,Cl TW)max for 
the two trailing wing models downstream of the transport aircraft  model equipped with 
flap configuration 3Oo/3O0 or  with flap configuration 300/00 is shown in figur,e 21. 
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The induced rolling-moment coefficients on the large trailing model downstream of 
the transport aircraft  mode! with flap configuration 3Oo/3O0 or with flap configuration 
3Oo/O0 (figs. 21(c) and 21(d)) are larger than those induced on the small trailing model 
(figs. 21(a) and 21(b)). 

The induced rolling-moment coefficient on the small  trailing wing model, generated 
by the transport aircraft  model with flap configuration 3Oo/3O0, was reduced by about 35 
to 40 percent when either the midspan spoiler or the spline was used as vortex attenuators 
(See fig. 21(a).) It can be seen in figure 21(b) that the induced rolling-moment coefficient 
on the small trailing wing model generated by the transport aircraft  model with flap con
figuration 3Oo/O0 w a s  reduced only by about 10 percent as a result of the midspan spoiler 
and that the spline appeared to  become ineffective at a downstream distance of about 
17 spans. 

For flap configuration 300/300 (fig. 21(c)), the midspan spoiler caused reductions in 
the induced rolling-moment coefficient on the large trailing model of about 10 percent at 
6.7 spans downstream and about 20 percent at 26.96 spans downstream. The effectiveness 
of the spline was comparable with the effectiveness of the midspan spoiler over the down
stream range of about 7 to about 14 spans; however, the spline became ineffective at about 
20 spans downstream. 

For flap configuration 3Oo/O0 (fig. 21(d)), the induced rolling-moment coefficient on 
the large trailing model was  not reduced as a result of the midspan spoiler at downstream 
distances less  than about 10 spans; however, the midspan spoiler was  effective at down
stream distances greater than about 10 spans. At the 26.96-span location the induced 
rolling-moment coefficient was reduced by about 30 percent. The spline, on the other 
hand, caused a small reduction (of the order of 5 percent) in induced rolling-moment coef
ficient at distances from about 7 spans to about 12  spans downstream, and near the 17-span 
location the splines become ineffective. The data obtained at the 26.96-span location, 
however, indicated that the splines regained some effectiveness with a reduction of about 
15 percent in induced rolling-moment coefficient. The effectiveness of the spline may 
have been larger  had it been located nearer the outboard end of the flap for flap configu
ration 300/00. 

CONCLUDING REMARE3 

Results have been presented of an investigation in the Langley V/STOL tunnel to 
determine, by the trailing wing sensor technique, the effectiveness of a large change in 
span load distribution, a forward-mounted spoiler, and a spline as trailing-vortex hazard-
alleviation devices on a swept-wing transport aircraft  model. 

The induced trailing wing rolling-moment coefficient, at a l i f t  coefficient of 1.2, was 
generally larger for the large trailing model than for the small trailing model. Also, the 
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variation of trailing wing rolling-moment coefficient with trimmed lift coefficient w a s  
generally greater for the large trailing model than for the small  trailing model. 

The rolling-moment coefficient for both trailing wing models was reduced when the 
horizontal-tail incidence angle of the transport aircraft  model was  decreased sufficiently 
to cause a download on the horizontal tail. 

At downstream distances of less than about 16 spans, the rolling-moment coeffi
cient induced on both trailing wing models by flap configuration 300/00 was somewhat 
higher than those induced by flap configuration 3Oo/3O0; however, at downstream dis
tances greater than about 16 spans, a definite decrease in trailing wing rolling-moment . 
coefficient was  noted. This would indicate that span load alteration due to retraction 
of the outboard flap may be an effective method of reducing the trailing-vortex hazard. 

The induced rolling-moment coefficient on the small trailing wing, generated by 
the transport aircraft  model with flap configuration 3Oo/3O0, was reduced by about 35 to 
40 percent when either the midspan spoiler or the spline was used as vortex attenuators. 
Neither device was as effective in reducing the induced rolling-moment coefficient on the 
large trailing model, resulting in a reduction of the order  of 15 to 25 percent. 

Langley Research Center 

National Aeronautics and Space Administration 

Hampton, Va. 23665 

December 3, 1975 
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Figure 1.- Three-view sketch of transport aircraft model with flaps retracted. Linear dimensions are in meters. 
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Figure 2 .- Photograph of transport aircraft model with flap configuration 300/300. 
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(a) Three-quarter front view of splines on transport aircraft model. 

Figure 4. - Photograph, dimensions, and location of spline on transport aircraft model. 
I-A 
u1 




Spline location Spline planform 

(b) Schematic of spline planform and spline location on transport aircraft model. 

Figure 4.-Concduded. 
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(a) Side view of midspan spoiler on transport aircrait  model. 


Figure 5. - Photograph, dimensions, and location of midspan spoiler on transport aircraft model. 




4 Section A-A 
(b) Sc.%Temzii;ic.showing midspan spoiler projection and loil:rtion 

011 transport aircraft model. 

Figure 5* - CQncruded. 



L-95-2411.1 

(a) Small trailing model. 

(b) Large trailing model. 

Figure 6.- Photographs of unswept trailing wing models on traverse mechanism. 
Both models have NACA 0012 airfoiL sections. 
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(a) Lift and drag coefficients. 

Figure 7.  - Effect of horizontal-tail incidence on longitudinal aerodynamic 
characteristics of transport aircraft model; 6f i = 30°; 6f = 30°. 
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(b) Pitching-moment coefficient. 

Figure 7.- Concluded. 

21 




I 

.4 .6 .8 	 I.o 

GL 


1.2 1.4 1.6 1.8 2.0 

(a) Lift and drag coefficients. 

Figure 8.- Effect of horizontal-tail incidence on longitudinal aerodynamic 

characteristics of transport aircraft  model; 6f,i x 30'; 6f,o = Oo. 
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(b) Pitching-moment coefficient. 
Figure 8. - Concluded. 
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(a) Lift and drag coefficients. 

Figure 9. - Effect of midspan spoiler and spline on longitudinal aerodynamic 
characteristics of transport aircraft  model; 6f,i = 30'; 6f,o = 30°; + = Oo. 

24 




Nodevice 
Midspanspoiler 
Spline 

Cm 


-8 -4  0 4 8 12 16 20 24 

Q,deg 

.8 


.6 

.4 

.2 

Cm 0 

72 

74 

-.6 

-.8 


C L  

(b) Pitching-moment coefficient. 

Figure 9. - Concluded. 
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(a) Lift and drag coefficients. 

Figure 10. - Effect of midspan spoiler and spline on longitudinal aerodynamic 
characteristics of transport aircraft  model; 6f,i = 30'; 6f,o = Oo. 
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(b) Pitching-moment coefficient. 

Figure 10.- Concluded. 
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(a) Small trailing model. 

Figure 11.- Contour plot of rolling-moment coefficients measured on 
trailing models at 6.74 spans downstream of transport aircraft  
model with flap configuration 300/300. CL = 1.2. 
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(b) Large trailing model. 

Figure 11.- Concluded. 
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(a) Small trailing model. 

Figure 12. - Variation of trailing model location and trailing wing rolling-moment 
coefficient with t r im lift coefficient of transport aircraft  model at 6.74 and 
13.48 spans downstream of transport aircraft  model; 6f,i = 30'; 6f,o = 30'; 
Cm = 0. 
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(b) Large trailing model. 

Figure 12. - Concluded. 
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(a) Small trailing model. 

Figure 13.- Variation of trailing model location and trailing wing rolling-moment 
coefficient with t r im lift coefficient of transport aircraft  model at 6.74 and 
13.48 spans downstream of transport aircraft  model; 6f,i = 30°; 6f,o = Oo; 
c, = 0. 
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(b) Large trailing model. 

Figure 13.- Concluded. 
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(a) Small trailing model. 

Figure 14.- Variation of trailing model location and trailing wing rolling-moment 
coefficient with tail incidence of transport aircraft  model at 6.74and 13.48 
spans downstream of transport aircraft  model; 6f,i = 30’; 6f,+, = 30°; 
CL = 1.2. 
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(b) Large trailing model. 

Figure 14.- Concluded. 
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(a) Small trailing model. 

Figure 15.- Variation of trailing model location and trailing wing rolling-moment 
coefficient with tail incidence of transport aircraft model at 6.74 and 13.48 
spans downstream of transport aircraft model; 6f,i = 30'; 6f,o = 0'; 
CL = 1.2. 
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(b) Large trailing model. 

Figure 15.- Concluded. 
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(a) Small trailing model. 

Figure 16.- Variation of trailing model location and trailing wing rolling-moment 
coefficient with distance downstream of transport aircraft  model equipped 
with vortex-attenuation devices; 6f,i = 30’; 6f,o = 30°; CL,trim = 1.2. 
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(b) Large trailing model. 

Figure 16. - Concluded. 
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(a) Small trailing model. 

F ig;ure 17.- Variation of trailing model location and trailing wing rolling-mom .ent 

coefficient with distance downstream of transport aircraft  model equipped 
with vortex-attenuation devices; 6f,i = 30°; 6f,o = 00; CL,trim = 1.2. 
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(b) Large trailing model. 

Figure 17.- Concluded. 
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(a) Small trailing model. 
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(b) Large trailing model. 

Figure 18.- Variation of trailing wing rolling-moment coefficient with transport 
aircraft model l if t  coefficient at 6.74 and 13.48 spans downstream of 
transport aircraft model. Cm = 0. 
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(a) Small trailing model. 
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(b) Large trailing model. 

Figure 19. - Variation of trailing wing rolling-moment coefficient with transport 
aircraft model horizontal-tail incidence at 6.74 and 13.48 spans downstream 
of transport aircraft model. CL = 1.2. 
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(b) Small trailing model. 

Figure 20. - Variation of trailing wing rolling-moment coefficient with distance 
downstream of transport aircraft  model. CL,trim = 1.2. 
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(a) Transport aircraft  model with 6f i = 30' and 6f,o = 30' and small trailing model. 
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(b) Transport aircraft model with 6f = 30' and 6f,o = 00 and small  trailing model. 
9 

Figure 21.-Variation of trailing wing rolling-moment coefficient with distance 
downstream of transport aircraft model with spoilers and transport aircraft  
model with splines. CL,trim = 1.2. 
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( c )  Transport aircraft  model with 6f,i = 30' and 6f,o = 30' and large trailing model. 
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(d) Transport aircraft  model with 6f,i= 30° and 6f,o = Oo and large trailing model. 

Figure 21. - Concluded. 
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